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Abstract 


Human Immunodeficiency Virus (HIV) infection poses unique challenges during pregnancy, affecting maternal health and 
potentially impacting the developing fetus. This systematic review explores the intricate relationship between HIV and 
eosinophils, a critical component of the immune system, during pregnancy. As HIV induces immunosuppression, understanding 
its specific effects on eosinophil levels is crucial for predicting maternal health outcomes and vertical transmission risks. The 
review also delves into the potential influence of antiretroviral therapy on modulating eosinophil function. By synthesizing 
existing literature, this review aims to provide a comprehensive understanding of the complex interplay between HIV infection, 
eosinophils, and pregnancy, offering insights for future research directions and potential therapeutic interventions. 
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Abbreviations: HIV: Human Immunodeficiency [1-9]. Pregnancy itself is a state of immune modulation, 


Virus; ART: Antiretroviral Therapy; CD4+: Clusters of 
Differentiation-4. 


Introduction 


Human Immunodeficiency Virus (HIV) infection 
continues to be a global public health concern, affecting 
millions of individuals worldwide. Among the diverse 
population impacted by HIV, pregnant women represent a 
particularly vulnerable group, as the virus not only poses 
risks to maternal health but also raises concerns regarding 
vertical transmission to the developing fetus. An intricate 
web of interactions exists between HIV and various 
components of the immune system, including eosinophils, 
which play a pivotal role in immune defense mechanisms 


The Impact of HIV Infection on Eosinophil Levels during Pregnancy: A Narrative Review 


characterized by a delicate balance between tolerance to the 
developing fetus and defense against potential pathogens 
[10-14]. Eosinophils, traditionally recognized for their role 
in parasitic infections and allergic responses, have emerged 
as key contributors to this delicate equilibrium during 
pregnancy. Their involvement in tissue repair, infection 
control, and immune regulation makes understanding their 
behavior in the context of HIV-infected pregnancies crucial 
for unraveling the complexities of maternal-fetal immune 
dynamics [15-24]. 


The purpose of this reviewis to comprehensively examine 
the impact of HIV infection on eosinophil levels during 
pregnancy. We aim to synthesize current knowledge on the 
subject, exploring how HIV-induced immunosuppression 
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may alter eosinophil function and subsequently influence 
maternal health outcomes. Additionally, we will investigate 
the potential ramifications of these alterations on the risk 
of vertical transmission, providing insights into the broader 
implications for the health of the developing fetus. As the 
global healthcare community continually strives to improve 
outcomes for HIV-positive pregnant women, this review 
seeks to contribute valuable insights into the dynamic 
interplay between HIV infection and eosinophils during 
pregnancy. By delineating the existing knowledge gaps and 
suggesting avenues for future research, we aim to facilitate 
the development of targeted interventions, ultimately 
enhancing the quality of care for this vulnerable population 
[25-29]. 


Immunomodulation in HIV Infection 


HIV primarily targets CD4+ T cells, the central 
orchestrators of the immune response. The virus enters these 
cells, leading to their depletion and functional impairment. 
This depletion weakens the overall immune response, 
leaving the host susceptible to opportunistic infections and 
impairing the ability to mount effective immune defenses 
[30-38]. Innate immune cells, including eosinophil’s, are 
essential for the first line of defense against infections. HIV 
can directly influence the function of innate immune cells 
through various mechanisms, such as interfering with pattern 
recognition receptors and altering cytokine profiles. This 
dysregulation contributes to the overall immunosuppressive 
environment characteristic of HIV infection [39-48]. 
Eosinophils, traditionally associated with allergic responses 
and parasitic infections, play a multifaceted role in immune 
modulation [48]. Their ability to release cytokines, 
chemokines, and various immune mediators positions 
them as key contributors to the intricate balance of immune 
responses during pregnancy. However, the impact of HIV on 
eosinophil function is not fully understood [49-54]. Studies 
suggest that HIV-induced immune dysregulation may extend 
to eosinophils, potentially altering their function during 
pregnancy [55-58]. Changes in eosinophil chemotaxis, 
degranulation, and cytokine production have been observed, 
highlighting a potential link between HIV infection and 
eosinophil dysfunction [59-62]. 


Eosinophils in Pregnancy 


During normal pregnancy, there is a gradual increase 
in circulating eosinophils. This physiological eosinophilia 
is believed to be a response to the dynamic alterations in 
hormonal and immune profiles associated with gestation. 
The reasons behind this elevation are not fully understood 
but may relate to the immunomodulatory requirements 
of a successful pregnancy [63-67]. Beyond their historical 
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association with allergic reactions, eosinophils actively 
modulate immune responses. They release an array of 
cytokines, chemokines, and growth factors, influencing the 
behavior of other immune cells. This immunomodulatory 
role is particularly relevant in the unique immunological 
environment of pregnancy [68-70]. Eosinophils are 
implicated in tissue repair and remodeling processes, playing 
a vital role in maintaining the integrity of various organs 
[71]. In pregnancy, this function becomes paramount for the 
adaptive changes occurring in the uterus and other maternal 
tissues to support fetal development [72-76]. Eosinophils 
contribute to the defense against infections, especially those 
caused by parasitic organisms. This protective function 
becomes crucial during pregnancy, as the maternal immune 
system needs to strike a delicate balance between tolerance 
to the semi-allogeneic fetus and protection against potential 
pathogens. 


Eosinophils have been implicated in promoting 
immune tolerance, a key aspect of a successful pregnancy 
[77]. By modulating the activity of other immune cells and 
influencing the cytokine milieu, eosinophils contribute 
to the establishment and maintenance of a tolerogenic 
environment necessary for fetal development [78-81]. 
The immunomodulatory effects of HIV on eosinophils may 
compromise their normal functions during pregnancy. 
Understanding how HlIV-induced changes in eosinophil 
behavior may impact the delicate immune balance is crucial 
for predicting maternal health outcomes and potential risks 
to the developing fetus [82-86]. 


Maternal Health Outcomes 


HIV-infected pregnant women face an elevated risk 
of opportunistic infections due to compromised immune 
function. Eosinophils, known for their role in protecting 
against infections, may experience alterations in function 
during HIV infection. This compromised eosinophil function 
could contribute to an increased susceptibility to various 
pathogens, further challenging maternal health [87-92]. 
The dysregulation of immune responses in HIV-infected 
pregnancies can lead to heightened inflammatory states, 
potentially contributing to pregnancy-related complications 
such as preterm birth and low birth weight. Understanding 
the role of eosinophils in modulating inflammation 
during pregnancy is crucial for assessing the risk of these 
complications in HIV-positive women [93-98]. Eosinophils 
contribute to immune homeostasis during pregnancy, 
helping to balance the maternal immune system’s responses. 
Any disruption in eosinophil function, as observed in HIV- 
infected individuals, may tilt this delicate balance, potentially 
impacting the overall health of pregnant women [99- 
106]. The introduction of antiretroviral therapy (ART) has 
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significantly improved maternal outcomes in HIV-infected 
pregnancies [107]. However, the potential interplay between 
ART, eosinophils, and maternal health outcomes requires 
careful consideration. Understanding how ART influences 
eosinophil function is essential for optimizing therapeutic 
strategies and ensuring positive maternal health outcomes 
[108-111] maternal health outcomes are intricately linked to 
the risk of vertical transmission of HIV to the fetus. Alterations 
in eosinophil function may influence the likelihood of viral 
transmission during pregnancy and childbirth. Exploring this 
relationship is crucial for developing targeted interventions 
to reduce the risk of vertical transmission [112-114]. 


Opportunistic Infections 


HIV weakens the immune system, making pregnant 
individuals more susceptible to opportunistic infections. 
Common opportunistic infections in people with HIV 
include tuberculosis, pneumonia, and fungal infections. 
Opportunistic infections can have adverse effects on both 
maternal and fetal health. Management often involves a 
combination of antiretroviral therapy (ART) and specific 
treatments for the opportunistic infections [82-86]. 


Inflammatory States 


HIV infection is associated with chronic inflammation. 
Persistent immune activation and inflammation can 
contribute to various health issues. Chronic inflammation 
may play a role in adverse pregnancy outcomes, including 
preterm birth and low birth weight. Managing inflammation 
is an essential aspect of HIV care during pregnancy [99- 
106]. 


Pregnancy-Related Complications 


Pregnant individuals with HIV may face an increased 
risk of certain complications, including preterm birth, 
low birth weight, and preeclampsia. Without proper 
management, there is a risk of mother-to-child transmission 
of HIV during pregnancy, childbirth, or breastfeeding. 
Antiretroviral medications, elective cesarean delivery, and 
avoiding breastfeeding in certain situations can help reduce 
transmission risks [108-111]. 


Antiretroviral Therapy (ART) 


Initiating and maintaining ART during pregnancy is 
crucial for preventing mother-to-child transmission of 
HIV and improving maternal health. Healthcare providers 
closely monitor the health of pregnant individuals with HIV, 
adjusting ART regimens as needed to optimize both maternal 
and fetal outcomes [112-114]. 
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Postpartum Considerations 


Postpartum care is crucial for both maternal and infant 
health. Continued use of ART and monitoring for potential 
complications is important during the postpartum period 
[107]. 


Vertical Transmission Risk 


Eosinophils, traditionally recognized for their role 
in combating infections, may serve as guardians against 
vertical transmission. Their involvement in the defense 
against various pathogens, including certain viruses, 
prompts exploration into whether alterations in eosinophil 
function impact the likelihood of vertical transmission of 
HIV. HIV infection is known to induce immunosuppression 
and may disrupt the normal functioning of eosinophils. 
Understanding these HIV-induced changes in eosinophil 
behavior is crucial, as any compromise in their ability to 
protect against infections could potentially elevate the risk 
of vertical transmission. Antiretroviral therapy (ART), a 
cornerstone in preventing mother-to-child transmission 
of HIV, may have implications for eosinophil function. 
Investigating the interplay between ART, eosinophils, and 
the risk of vertical transmission provides insights into how 
therapeutic interventions may influence the maternal-fetal 
transmission dynamic [115-118]. 


Eosinophils contribute to immune modulation, 
influencing the overall immune environment during 
pregnancy. Any alterations in this immune modulation, 
particularly in the context of HIV infection, may impact 
the intricate balance required to prevent the transmission 
of the virus to the developing fetus [119]. The placenta, a 
critical interface between the maternal and fetal circulations, 
plays a pivotal role in vertical transmission. Exploring how 
eosinophils interact with other immune cells at this interface 
and understanding their role in preventing or facilitating 
viral transmission is essential for deciphering the dynamics 
of mother-to-child HIV transmission. Insights into the 
relationship between eosinophils and vertical transmission 
risk can inform the development of targeted strategies to 
mitigate this risk. Understanding how eosinophils contribute 
to the prevention of viral transmission offers potential 
avenues for therapeutic interventions aimed at enhancing 
maternal-fetal health. 


Antiretroviral 
Eosinophil Levels 


Therapy (ART) and 


The primary goal of ART is to suppress viral replication, 
reducing the viral load in the maternal bloodstream. As 
viral replication diminishes, the immune system, including 
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eosinophils, may experience a degree of restoration. 
Understanding the kinetics of this restoration is vital for 
evaluating its implications on maternal-fetal immune 
dynamics [119]. Eosinophil levels in peripheral blood 
serve as a potential surrogate marker for immune 
modulation. Monitoring changes in eosinophil counts can 
offer insights into the broader immune response to ART. 
Investigating the correlation between viral suppression, 
immune reconstitution, and eosinophil levels provides a 
comprehensive view of the therapeutic impact [118]. While 
ART primarily targets viral replication, its effects on immune 
cells, including eosinophils, are multifaceted. Studies suggest 
that ART may have immunomodulatory effects, influencing 
the function and activation of eosinophils. A nuanced 
understanding of these effects is essential for predicting 
how ART may impact the overall immune landscape during 
pregnancy [111]. 


Eosinophils contribute to immune homeostasis, and 
alterations in their function may have implications for 
maternal health. Assessing how ART-induced changes in 
eosinophil behavior influence the susceptibility to infections 
and the overall well-being of HIV-positive pregnant women 
is crucial for optimizing maternal care [119]. Understanding 
the impact of ART on eosinophils extends to their role at 
the maternal-fetal interface. As the placenta represents 
a critical site for immune interactions, investigating how 
ART influences eosinophil behavior in this context provides 
insights into the potential effects on vertical transmission 
risk. Insights into the interplay between ART, eosinophils, 
and maternal health outcomes pave the way for optimizing 
therapeutic strategies. Tailoring ART regimens to not only 
achieve viral suppression but also to support immune 
modulation, including eosinophil function, is crucial for 
enhancing the overall success of HIV-infected pregnancies. 


Goals of ART in relation to eosinophil levels 


Antiretroviral therapy (ART) is the cornerstone of 
treatment for HIV infection. The primary objective of ART is to 
suppress the replication of the HIV virus, reducing viral load 
to undetectable levels. Achieving viral suppression helps in 
preserving immune function, including eosinophil function. 
Controlling HIV replication supports the overall stability of 
the immune system. ART aims to restore and maintain the 
immune system, specifically CD4 T-cell counts. Eosinophils, 
as part of the immune system, can be affected by HIV- 
induced immunosuppression. Immune restoration through 
ART contributes to the normalization of eosinophil levels. By 
maintaining effective immune function, ART helps prevent 
opportunistic infections, including those affecting eosinophil 
levels. Opportunistic infections can lead to alterations in 
eosinophil levels. Preventing these infections supports the 
proper functioning of eosinophils and other immune cells. 
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ART can help reduce chronic inflammation associated with 
HIV infection. Chronic inflammation can affect the overall 
immune environment, potentially influencing eosinophil 
function. ART’s anti-inflammatory effects contribute to 
maintaining a balanced immune response. In pregnant 
individuals with HIV, ART is crucial for preventing mother- 
to-child transmission and improving maternal health. By 
optimizing maternal health, including immune function, ART 
indirectly contributes to favorable eosinophil levels during 
pregnancy [108-117]. 


Controversies or Challenges associated 
with using ART in the context of Eosinophil 
Function 


In some individuals starting ART, there can be an 
exaggerated inflammatory response called immune 
reconstitution inflammatory syndrome. Eosinophils may be 
involved in the inflammatory response associated with IRIS. 
The management involves careful monitoring and sometimes 
anti-inflammatory treatments. Some antiretroviral drugs 
may have side effects or interactions that can influence 
immune responses. While direct effects on eosinophil 
function may not be well-documented, monitoring for 
drug-related complications and adjusting treatment when 
necessary is essential. Adherence to ART regimens is crucial 
for treatment success, but issues such as pill burden and side 
effects can impact adherence. Poor adherence can lead to 
treatment failure, potentially impacting immune function, 
including eosinophil levels. Some studies have explored 
potential associations between certain antiretrovirals 
and adverse pregnancy outcomes. The impact of these 
controversies on eosinophil function specifically may not be 
well-established, but careful consideration is necessary in 
pregnant individuals [116-119]. 


Recommendations 


Longitudinal studies tracking eosinophil levels 
throughout the course of HIV-infected pregnancies, from 
preconception to postpartum, are essential. This approach 
will enable a comprehensive assessment of how eosinophil 
dynamics correlate with viral load, immune reconstitution, 
and maternal-fetal outcomes. Investigating eosinophil 
infiltration into the placenta and their interactions with 
other immune cells at the maternal-fetal interface is crucial. 
This research can enhance our understanding of the role 
eosinophils play in protecting against vertical transmission 
and guide interventions to mitigate the risk. Further 
exploration of how eosinophils contribute to immune 
tolerance during pregnancy, particularly in the context of 
HIV infection, is warranted. Understanding the balance 
between immune responses against potential pathogens and 
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tolerance to the semi-allogeneic fetus is crucial for predicting 
maternal health outcomes. 


Clinical trials should be conducted to optimize ART 
regimens specifically considering their impact on immune 
modulation, including eosinophil function. Tailoring ART 
to support immune reconstitution and balance the delicate 
immune landscape during pregnancy can _ potentially 
enhance therapeutic efficacy. Implementing integrated care 
models that incorporate obstetric, infectious disease and 
immunology expertise can improve the overall management 
of HIV-infected pregnant women. Such models should 
consider both virological and immunological aspects, 
ensuring a holistic approach to maternal-fetal health. 
Recognizing the psychosocial impact of HIV infection during 
pregnancy is crucial. Integrating comprehensive psychosocial 
support, including counseling and mental health services, 
into routine antenatal care can improve maternal well-being 
and positively influence pregnancy outcomes. 


Ongoing education and training programs for healthcare 
professionals involved in the care of HIV-infected pregnant 
women are essential. Keeping healthcare providers abreast 
of the latest research findings and guidelines ensures 
that evidence-based practices are consistently applied, 
optimizing maternal and fetal health outcomes. Engaging 
communities in understanding and addressing the unique 
challenges faced by HIV-positive pregnant women fosters 
a supportive environment. Community empowerment 
initiatives can reduce stigma, enhance adherence to care, 
and improve overall maternal health. Facilitating global 
collaboration and knowledge exchange among researchers, 
healthcare professionals, and policymakers is critical. 
Sharing experiences and best practices on a global scale can 
accelerate progress in the field, ultimately benefiting HIV- 
infected pregnant women worldwide. 


Conclusion 


The intersection of Human Immunodeficiency Virus 
(HIV) infection, eosinophils, and pregnancy represents 
a multifaceted landscape that continues to challenge 
researchers, healthcare professionals, and policymakers 
alike. This comprehensive review has delved into the 
intricate relationship between HIV and eosinophils during 
pregnancy, aiming to shed light on the impact of this 
interplay on maternal and fetal health. Maternal health 
outcomes in HIV-infected pregnancies are _ intricately 
linked to altered eosinophil function, potentially affecting 
susceptibility to infections and contributing to inflammatory 
states. The risk of vertical transmission adds another layer 
of concern, necessitating a nuanced understanding of how 
HIV, eosinophils, and therapeutic interventions collectively 
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influence the maternal-fetal transmission dynamic. 
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